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What is the goal of Computational and
Systems Biology?

The goal of computational and systems biology is to
apply large-scale computational methods to the study
of living systems at all scales, i.e. molecular, cellular, or
organism.

The development and application of data-analytical
and theoretical methods, mathematical modeling and
physics-based computational simulation techniques is

used to enhance the investigation and better
understand the structure, function and dynamics of
complex biological systems .
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What is all the fuss about sequencing?

= |llumina HiSeq produces ~30 Gbp for ~$3,000 in 1
lane (there are 8 lanes)

= 10x coverage of the human genome in 1 [ane!

= Bar-coding allows one to mix several experiments
in a single sequencing reaction

= Sequencing costs will continue to drop

= $1000 genome (or less)
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Sequencing and Cancer

= Every person is unique
= Every cancer is unique

= The best treatment depends on the specific person
and the specific cancer

= |n the future, we can sequence the genome and
transcriptome of the patient and their cancer
* SNPs (single nucleotide polymorphisms)
« CNVs (copy number variants)
e structural variants
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Nothing in biology makes sense except
In the light of evolution

= Nothing in personalized medicine makes sense
except in the light of variation

= How are you going to use personal/cancer variation
in your research and patient care?

= Does your knowledge/treatment take into account
personal/cancer variation?
« Why not?
« What would it take to make this happen?
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Genome analysis is not a solved problem

= Statistical issues
* high dimensionality
« not many samples in the early days

= Technical issues
 Storage, retrieval
* Privacy, security

= Computing issues
« High-performance computing: GPU, FPGA, ASIC
« Cloud computing
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Sequencing can transform the way you
work

= Sequencing has replaced microarrays (mostly)
« More accurate, more data points, no hybridization

= Sequencing will replace gPCR
« Why assay a dozen genes with gPCR when you can assay
ALL of them with RNA-seq?

= New uses for sequencing technologies continue to
be developed
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Systems Biology provides the whole-organism context

Proteins are the “gears” of a complex cellular machine. Systems Biology deals with how
these gears interact, and what their role is in the functioning of the whole machinery.
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Systems Biology allows us to study protein function
within the context of the overall cellular system

= Systems Biology integrates all available
sequence and structure based functional
annotations

= Highlights gaps in our knowledge, that more .}{i%5.
Intensive structure-based methods can fill
(e.g. investigate substrate specificity of key  complete metahsiiE pathwaymap
enzyme) with essential pathways highlighted

= |dentifies metabolically essential, and
virulence related pathways as high-priority
targets for further investigation

= Protein association networks can be a guide
to identify missing or unexpected pathway
members, infer functional annotation, outline
putative protein complexes, etc.

= Integrate from molecular to phenotype level

Network of metabolic pathway, operons, protein
Patrik D’haeseleer associations, and predicted protein interactions
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Flux Balance Analysis is a systems biology method for
assessing the metabolic capabilities of a genotype
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Predicting selective drug targets in cancer

through metabolic networks, Folger et al. 2011
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PK-PD modeling is a systems approach for
predicting drug ADME and pharmacological outcome
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Structure- and sequence-based tools are used to
identify functionally critical residues and possible
mutation points
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Physics-based methods provide fundamental
understanding of molecular systems

Empirically derived Routine Molecular
classical force field Dynamics Simulations

Use these forces to integrate
the motion of each atom

a(t)=F(t)/m

+ = - - + 2 Che T w&-h“ St
r(t St) 2r(t) r(t St) a(t)St 20 ns for ~250 OOO atoms
Questions this can address: 72 hours on 512 Opteron processors

* What are the accessible conformations of this system?
» What contacts mediate a small molecule/macromolecular interaction?
* What are likely consequences of small molecule binding?
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" Molecular mechanics methods are used to
design and develop small molecule inhibitors to
therapeutic target

Seven candidate compounds docked to androgen
receptor-DBD

Compounds and analogs were synthesized
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A variety of computational methods can help
shorten the design and development time of
novel antibiotics

* High performance computing
enabled designs of novel
antibiotics against bio-defense

pathogens
— New design is broad spectrum and
predicted to target multi-drug
resistant pathogens

Computational Screening:

» Screened 8 million commercially
available compounds

* Created and screened 10 x

« LLNL-Trius team found and

redesigned more efficacious drug 60,000 compound virtual libraries
candidate in 3 months (Stage 1 - Performed >5000 physics-based
normally takes 2-5 years) all- atom simulations

Integrated computational and experimental effort

developed 8 compounds to move to preclinical trials
Felice Lightstone, Toan Nguyen, Sergio Wong, Ken Turteltaub, Mike Malfatti, Paul Jackson

l& : . T AL =33
Lawrence Livermore National Laboratory TN A’ A4

.
LLNL-PRES-467031 tration



The key to good models is good data

Osteolytlc PC3 cells co-cultured with osteoblasts

More than 4.5K genes change in
response to the Osteoblastic
environment within 48 hr exposure

Differentially Expressed Genes
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